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FOREWORD 
This "Technical Fact Bulletin" is designed to explain new 
technology. It is intended primarily for those managers, techni- 
cians, and owners of small businesses who through desire, interest, 
and practical experience rather than formal training are applying 
technology in the development of saleable products. 
This Bulletin deals with the concepts of hydraulics and with 
its application in the hardware that has been developed in the 
Aerospace Community during the last decade. The basis of this 
and similar Bulletins in the series are the results of research 
of the National Aeronautics and Space Administration and other 
Governmental agencies. 
Research, of course, is continuing. Therefore, even more 
advanced developments in the application of hydraulics can be 
expected. The theoretical information and results of laboratory 
experimentation are available to inventors and small business 
owners/managers from the NASA-sponsored Technology Use Studies 
Center at Southeastern State College, Durant, Oklahoma. 
INTRODUCTION 
B l a i s e  P a s c a l ,  a  Frenchman, f i r s t  r e c o r d e d  d i s c o v e r i e s  r e l a t i n g  
t o  f l u i d  p r e s s u r e s  i n  1663 .  Though h i s  r e s e a r c h  c o n t a i n e d  t h e  b a s i c  
t h e o r i e s  o f  h y d r a u l i c s ,  it was a l m o s t  300 y e a r s  b e f o r e  t h e  advan-  
t a g e s  o f  h y d r a u l i c  power w e r e  p u t  t o  p r a c t i c a l  u s e .  One o f  t h e  
f i r s t  m a j o r  a p p l i c a t i o n s  o f  h y d r a u l i c s ,  t h e  a u t o m o b i l e  b r a k e ,  re- 
q u i r e d  a n  u p h i l l  f i g h t  o f  s e v e r a l  y e a r s  b y  a u t o  m a n u f a c t u r e r s  b e f o r e  
it was a c c e p t e d  a s  s u p e r i o r  t o  t h e  m e c h a n i c a l  b r a k e .  F o l l o w i n g  t h i s ,  
r a p i d  advancement  i n  a i r c r a f t  b u i l d i n g ,  mechanized  f a r m i n g ,  and a  
booming c o n s t r u c t i o n - e q u i p m e n t  i n d u s t r y  l i t e r a l l y  f o r c e d  t h e  a c c e p t -  
a n c e  and wide a p p l i c a t i o n  o f  h y d r a u l i c  power.  W i t h o u t  h y d r a u l i c  
power f o r  c o n t r o l ,  damping, and l e v e r a g e ,  t o d a y ' s  a c h i e v e m e n t s  i n  
t h e s e  f i e l d s  would h a v e  b e e n  i m p o s s i b l e .  
Space  r e s e a r c h  d u r i n g  t h e  1 9 6 0 ' s  h a s  c a u s e d  a n o t h e r  m a j o r  
i n c r e a s e  i n  t h e  a p p l i c a t i o n  o f  h y d r a u l i c s .  Many o f  t h e s e  r e c e n t l y  
d i s c o v e r e d  u s e s  show p romise  o f  b e i n g  u s e f u l  i n  t h e  e v e r y d a y  o p e r a -  
t i o n s  o f  s m a l l  f i r m s .  To s p e e d  t h e  t r a n s f e r  and u s e  o f  new i t e m s  
o f  i n f o r m a t i o n  on h y d r a u l i c s ,  t h i s  B u l l e t i n  d e s c r i b e s  new h y d r a u l i c  
t e c h n i q u e s  and o u t l i n e s  p o s s i b l e  a r e a s  o f  a p p l i c a t i o n .  
Much o f  t h e  r e c e n t  i n c r e a s e  i n  h y d r a u l i c s  a p p l i c a t i o n s  h a s  
r e s u l t e d  f rom t h e  enormous e f f o r t  t o  p u t  a  man on t h e  moon. I n  
t h a t  e f f o r t  by NASA, t h e  g r e a t e s t  t e c h n i c a l  t a s k  e v e r  a t t e m p t e d  by 
man, h y d r a u l i c s  w e r e  found t o  h a v e  p l a y e d  a  m a j o r  r o l e .  
NASA h a s  u s e d  h y d r a u l i c s  t o  push ,  p u l l ,  l i f t ,  c o n t r o l ,  p r e s s ,  
and p r o p e l - - a l l  t h e  f u n c t i o n s  n e c e s s a r y  t o  t h e  b u i l d i n g  o f  e q u i p -  
ment  t o  send  men s a f e l y  i n t o  s p a c e .  Though few new 
h a v e  b e e n  d i s c o v e r e d ,  many o f  t h e  a r e  new. B e t t e r  
s t i l l ,  many of  them a p p e a r  t o  b e  u s a b l e  i n  e v e r y d a y  l i f e .  S e e  
page  1 0  f o r  a  s e l e c t e d  l i s t  of p u b l i c a t i o n s  d e a l i n g  w i t h  NASA's 
u s e s  of h y d r a u l i c s  i n  t h e  s p a c e  program,  
HYDRAULIC CONTROL DEVICES 
The amount o f  ho r sepower  an i n d i v i d u a l  h a s  been  a b l e  t o  
employ and c o n t r o l  h a s  a  c l o s e  p a r a l l e l  i n  t h e  economic growth  
and t e c h n i c a l  deve lopment  o f  o u r  s o c i e t y .  The ho r sepower  u s e d  
p e r  worker  h a s  t r e m e n d o u s l y  i n c r e a s e d  s i n c e  t h e  end  o f  World 
War 11. 
The a v a i l a b i l i t y  o f  power a l o n e  w i l l  n o t  i n s u r e  i t s  e n t r y  
i n t o  e v e r y d a y  u s a g e .  From t h e  e n g i n e - m a n u f a c t u r e r ' s  v i e w p o i n t ,  
100-HP fa rm t r a c t o r s  were f e a s i b l e  i n  1940.  But t r a c t o r  makers  
c o n c l u d e d :  Why d e v e l o p  a  t r a c t o r  w i t h  enough power t o  p u l l  
e i g h t  plows when man-muscle was t h e  o n l y  c o b t r o l  a v a i l a b l e ,  and 
a  man c o u l d  l i f t  and c o n t r o l  o n l y  two plows? 
H y d r a u l i c  f l u i d  t r a n s m i s s i o n  o f  power h a s  made p o s s i b l e  t h e  
r a p i d  i n c r e a s e  o f  t h e  "power-to-man r a t i o . "  The f o r c e  n e c e s s a r y  
t o  r e t r a c t  t h e  h e a v y  l a n d i n g  g e a r  o f  World War I1 a i r p l a n e s  was 
s u p p l i e d  by  h y d r a u l i c  power t r a n s m i s s i o n  d e v i c e s .  The g rowth  o f  
h y d r a u l i c  t e c h n o l o g y  h a s  a c c e l e r a t e d  s i n c e  t h o s e  a i r p l a n e  a p p l i -  
c a t i o n s  o f  t h e  1 9 4 0 ' s .  The mos t  common employment o f  h y d r a u l i c -  
power t r a n s m i s s i o n  i s  i n  the a u t o m o b i l e  b r a k e .  The s y s t e m  h a s  
b e e n  r e f i n e d  and improved b y  p o w e r - a s s i s t  d e v i c e s  which employ 
t h e  same h y d r a u l i c  p r i n c i p l e s  a s  t h e  o r i g i n a l  h y d r a u l i c  b r a k e s ,  
Now, a  woman o r  c h i l d  c a n  s t o p  a h e a v y  c a r  w i t h  a  l i g h t  p r e s s u r e  
on t h e  b r a k e  p e d a l .  
Government and p r i v a t e  r e s e a r c h  h a v e  advanced  t h e  s t a t e - o f -  
t h e - a r t  i n  f l u i d - p o w e r  t r a n s m i s s i o n  t r e m e n d o u s l y  i n  r e c e n t  y e a r s .  
However, t h e  b a s i c  l aws  o f  p h y s i c s  i n v o l v e d  i n  f l u i d - p o w e r  t r a n s -  
m i s s i o n  a r e  n o t  new by any  means.  The Frenchman, P a s c a l ,  pub- 
l i s h e d  h i s  f i n d i n g s  a b o u t  f l u i d  p r e s s u r e s  i n  1663 .  P a s c a l ' s  l aw,  
i n  e s s e n c e ,  s t a t e s  t h a t  p r e s s u r e  a p p l i e d  t o  an e n c l o s e d  f l u i d  i s  
t r a n s m i t t e d  e q u a l l y  t h r o u g h o u t  t h e  f l u i d .  
The basic principles of fluid-power transmission have today 
become widely understood and employed, The knowledge of 
and fluid power is, however, not as widely 
understood. It offers many opportunities for greater employment 
or application of hydraulics. Pascal's law and later develop- 
ments have become a specialized division of engineering. It is 
called Fluidics. 
Fluidics deals with the flow of fluids as a means of the 
control of mechanical and electronic devices. The drop of 
pressure of fluid flowing through an orifice (small opening) or 
the friction generated by the flow of fluid around an obstruction 
is being used to control devices as complex as computers. 
NASA and other governmental agencies as well have funded 
extensive research in the application of hydraulics in the aero- 
space effort. If the results of the research are to benefit 
the general public, technicians need an understanding of the 
more common fluid-control devices that have developed. Therefore, 
six fluid-control devices or hydraulic components have been 
selected for discussion in this Bulletin. Each is readily avail- 
able from hydraulic supply firms. From this publication the 
reader may understand how these devices function. He may then 
be able to find uses for them in applying and controlling power 
within his own products. The result would be more useful and 
better-built products for all mankind, 
The selected hydraulic components are: 
1. Hydraulic Accumulator 
2. Hydraulic Force Amplifier 
3. Sequence Valve 
4. Hydraulic Fuse 
5. Servo Valve 
6 ,  Priority Valve 
Basic schematics (diagrams) of the more widely used components 
have been provided. The limited scope of this Bulletin will not 
permit a discussion of all flow-control components. Companies 
specializing in hydraulic devices can likely provide the components 
that the reader needs for applying hydraulic power in new and 
different ways. 
HYDRAULIC ACCUMULATOR 
One of the best ways of realizing cost-savings and of in- 
creasing the utility of fluid-flow systems is through the use of 
a hydraulic accumulator (Figure 1). Basically, the accumulator 
functions as a storage battery functions in an electrical system. 
The accumulator stores unused pressure that is flowing through 
the hydraulic system. As a result, during short periods of time, 
a greater volume of fluid under pressure is available for use 
than the rated capacity of the pump in the system. For example, 
if a hay baler were hydraulically-powered, the return stroke of 
the piston could be speeded up as desired merely by tapping the 
reserve fluid stored in the accumulator. An accumulator might 
also be used to store fluid power for positioning machinery for 
servicing. On other occasions, it might be inconvenient to start 
an engine and thereby operate an entire system in order to position 
a single part of the system for routine maintenance or for trouble- 
shooting. There might also be instances where a large volume of 
fluid pressure is needed for the completion of a machine's cycle, 
If there is any idle time for the pump during any part of the 
cycle, an accumulator can be used to spread the work throughout 
the cycle thus permitting the use of a smaller pump than would be 
needed if no accumulator were available. NASA's Report A66-31224, 
Fittinq An Accumulator to APU Startinq Requirements, tells how to 
select the size accumulator to use in starting an engine instead 
of using a conventional storage-battery system, 
HYDRAULIC FORCE AMPLIFIER 
The hydraulic force amplifier (~igure 2 )  is widely used in 
industry today. It raises pressure in selection portions of the 
system beyond the level that the pump produces, It is commonly 
used where additional functions are added to an existing system. 
For example, a punch press requiring 2,000 PSI (pounds per square 
HYDRAULIC ACCUMULATOR 
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FREE-FLOATING PISTON 
PRESSURIZED FLUID 
Figure 1. This  b a s i c  accumulator has many v a r i a t i o n s .  The compressed a i r  
may be rep laced  wi th  a compression s t e e l  spr ing  o r  a combination 
sp r ing  and a i r .  The a i r  s i d e  may have a p re s su re  boos ter  so  t h a t  
t h e  system can produce g r e a t e r  pressure  a t  a smal le r  volume than  
t h e  pump produces. The t r a d i t i o n a l  u se  of an  accumulator, o f  
course,  i s  t o  "accumulate" t h e  output of  t h e  pump a t  s l ack  t imes  
f o r  u se  when t h e  system demands more volume than  t h e  pump can 
fu rn i sh .  
HYDRAULIC FORCE AMPLIFIER 
1,000 PSI FLUID 
- -  - -+  
PISTON #1 
20,000 lb. Force 
CONTROL 
800 Lb. Spring 
+ the spring load 
UTPUT OF SYSTEN 
CHECK VALVES 
GPM - Gallons Per Minute 
PSI - Pounds per Square Inch 
Figure 2. This schematic illustrates a system that multiplies the pressure a 
pump can generate, It is commonly used for starting loads which 
have high break-out forces, The 800-pound spring can be replaced 
with a spring having a valve necessary to allow the lower chamber 
to function as an accumulator. 
inch) fluid might be added to an existing 1,000 PSI system by 
utilizing a force amplifier. 
Grease-rack automobile lifts found in garages and in service 
stations are usually powered by force amplifiers, Many types of 
presses used in machine shops have variations of amplifiers. The 
speed of travel of the high pressure piston is governed by its 
size in relation to the lower pressure pistons in the system. 
The grease-rack lifts are powered in many installations by %-HP 
motors. A %-HP motor, unassisted, would not be expected to raise 
a 4,000-lb. automobile at a high rate of speed. Amplifiers may 
use air, oil, or a combination of the two instead of the basic 
spring-system as shown in Figure 2. 
SEQUENCE VALVE 
Sequence valves (Figure 3) were probably the first units 
developed for automated hydraulic systems. Their development was 
promoted by the need for sequencing landing-gear doors and landing 
gear with the advent of large streamlined aircraft. Hydraulic 
sequencing functions quite satisfactorily whenever a series of 
mechanical actions is needed. For example: when a pilot moves a 
gear handle to UP position, the gear doors open first; as soon 
as the doors are open, all landing gear comes up; and finally, 
when the gear is in UP position, the doors then close to the 
flight position. All of these actions occur automatically when- 
ever sequence valves are used. 
A livestock feed-mixing operation might use a sequence-valve 
arrangement to mix and proportion livestock feed automatically. 
A hopper could be rigged to actuate a sequence valve if enough 
weight were added to the hopper to cam a sequence valve for the 
next step in the feed-mixing operation. NASA's Report N66-34292, 
Hydraulic Automation Systems, explains the details of the appli- 
cation of sequence valves and many other units which are used in 
automated hydraulic systems, 
SEQUENCE VALVE 
NO-FLOW POSITION FLOW-POSITION 
Figure 3. When enough f o r c e  i s  app l i ed  t o  t h e  camming p i n  t o  compress t h e  
r e t u r n  sp r ing ,  t h e  "no-flow" p o s i t i o n  of t h e  p i s t o n  w i l l  be 
changed t o  t h e  "flow" pos i t i on .  Sequence va lves  may be opera ted  
by cam ac t ion ,  e l e c t r i c a l  so lenoid ,  o r  by many o t h e r  means. This  
b a s i c  schematic d e p i c t s  only one hydraul ic  c i r c u i t ,  a l though a  
sequence va lve  may c o n t r o l  any number of  c i r c u i t s .  
HYDRAULIC FUSE 
Whenever an e l e c t r i c a l  c i r c u i t  i s  o v e r l o a d e d ,  e i t h e r  t h e  
c i r c u i t  b r e a k e r  i s  t r i p p e d  o r  a  f u s e  b u r n s  o u t .  Each i s  a  
s a f e t y  d e v i c e  t h a t  h a s  been  deve loped  t o  p r e v e n t  o v e r l o a d i n g  
t h e  c i r c u i t ,  t h e r e b y  p o s s i b l y  p r e v e n t i n g  f i r e s .  
The same c o n d i t i o n s  e x i s t  i n  h y d r a u l i c s  whenever a  l i n e  
b r e a k s ,  and t h e  p r e s s u r i z e d  f lammable  f l u i d  i s  s p r a y e d  o u t .  
H y d r a u l i c  f u s e s  h a v e  been  deve loped  t o  p r e v e n t  f i r e s  i n  t h e  
h y d r a u l i c  s y s t e m .  A h y d r a u l i c  f u s e  c a n  b e  c a l i b r a t e d  ( c a r e -  
f u l l y  a d j u s t e d )  and p l a c e d  i n  a  l i n e  t o  f u n c t i o n  whenever t h e  
f l u i d - f l o w  e x c e e d s  a  d e s i r e d  volume. When t h e  t o l e r a n c e  h a s  
been  e x c e e d e d ,  t h e  f u s e  t r i p s  and c l o s e s  t h e  l i n e .  F u s e s ,  
t h e r e f o r e ,  a r e  u s e d  whereve r  a  r u p t u r e d  l i n e  would p r e s e n t  a  
h a z a r d  t o  i t s  s u r r o u n d i n g s  o r  t o  t h e  h y d r a u l i c  sys t em i t s e l f .  
SERVO VALVE 
A s e r v o  v a l v e  i s  a  v a l v e  t h a t  s e n s e s  a  f e e d b a c k  from t h e  
work b e i n g  pe r fo rmed  and u s e s  t h e  f e e d b a c k  t o  c o n t r o l  t h e  machine  
d o i n g  t h e  work.  For  example ,  i f  t h e  h y d r a u l i c  s t e e r i n g  s y s t e m  
on an a u t o m o b i l e  o r  t r a c t o r  d i d  n o t  h a v e  a  f e e d b a c k  s y s t e m ,  t h e  
d r i v e r  would be r e q u i r e d  t o  d e v o t e  a  c o n s t a n t  e f f o r t  t o  s t e e r  i n  
t h e  d i r e c t i o n  h e  had  s e l e c t e d .  W i t h o u t  t h e  " s e r v o  v a l v e "  a  
s t e e r i n g  sys t em would n e v e r  h a v e  a  n e u t r a l  p o s i t i o n .  
F i g u r e  4 p i c t u r e s  a  b a s i c  h y d r a u l i c  s e r v o  v a l v e .  I t  i s  t h e  
b a s i s  f o r  h y d r a u l i c  a u t o m a t i o n .  S e r v o  v a l v e s  c a n  b e  o p e r a t e d  
e l e c t r i c a l l y ,  e l e c t r o n i c a l l y ,  o r  m e c h a n i c a l l y  t o  c y c l e  m a c h i n e r y ;  
t o  c o n t r o l  t h e  d e p t h  o f  a  plow; t o  bend m e t a l ;  o r  t o  do  many 
o t h e r  c o n t r o l l i n g  f u n c t i o n s  b e t t e r  and f a s t e r  t h a n  t h e y  c a n  be 
per formed m a n u a l l y .  
PRIORITY VALVE 
A p r i o r i t y  v a l v e  i s  a  d e v i c e  which a s s u r e s  t h a t  t h e  m a j o r  
work ing  u n i t s  i n  a  h y d r a u l i c  sys t em r e c e i v e  t h e  main f l o w  o f  a  
pump's o u t p u t ,  These  v a l v e s  c a n  b e  p l a c e d  t h r o u g h o u t  a  s y s t e m  
SERVO VALVE 
SYSTEM PRESSURB 
RETURN FLUID RETURN FLUID 
SERVO VALVE 
WORK TO 
BE DONE 
Figure 4 ,  The "operator" may be a person o r  a mechanical hookup. F i r s t  move- 
ment i s  poin t  "S" about poin t  "A". Pressure i s  ported t o  work 
cyl inder  t o  move poin t  l lA1l  t o  t h e  r i g h t .  When poin t  "A"  has moved 
t o  t h e  r i g h t  t o  a p o s i t i o n  even with "S" t h e  system w i l l  shut  o f f .  
"Operator" i s  con t ro l l ed  by a mechanical l inkage  t o  t h e  work t o  be 
done. 
in order that the most important units within the system will 
receive almost full pump capacity while the less important ones 
receive only the remaining pressure. For example, if the brakes 
and power-steering unit of an automobile were powered by the same 
hydraulic system, a priority valve would be used to furnish 
maximum power for the operation of the brakes when both the 
brakes and the power steering were in use. 
NASA USES OF HYDRAULICS 
1. Control of Parallel Hydraulic Motors--Used for Tracking 
Antennas. 
TB 67-10418, Hydraulic System Provides Smooth Control of 
Larqe Trackinq and Antenna Drive Systems at 
Very Low Trackinq Rates, November 1967. 
TB 65-10351, Hydraulic Drive System Prevents Backlash, 
November 196 5. 
2. Platform Leveling Suspension Unit--Saturn Transporter. 
TB 66-10402, Rotary Valve Controls Multiple Hydraulic 
Levelinq Cylinders, September 1966. 
3. Clamps and Hold-Down Devices. 
AD 447-995, Aerospace Fluid Component ~esiqners'~andbo0k. 
4. Shock Absorbers and Hydraulic Damper. 
TB 68-10120, Pressure Variable Orifice for Hydraulic Control 
Valve, April 1968. 
